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Abstract 
Biodiversity hypothesis states, that contact with natural environments enriches the 
human microbiome, promotes immune balance and protects from allergy and 
inflammatory disorders. We are protected by two nested layers of biodiversity, 
microbiota of the outer layer (soil, natural waters, plants, animals) and inner layer 
(gut, skin, airways). The latter inhabits our body and is colonized from the outer 
layer. Explosion of human populations along with cultural evolution are 
profoundly changing our environment and lifestyle. Adaptive immunoregulatory 
circuits and dynamic homestasis are at stake in the newly emerged urban 
surroundings. In allergy, and chronic inflammatory disorders in general, 
exploring the determinants of immunotolerance is the key for prevention and 
more effective treatment. Loss of immunoprotective factors, derived from nature, 
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is a new kind of health risk poorly acknowledged until recently. The paradigm 
change has been implemented in the Finnish allergy programme (2008–2018), 
which emphasized tolerance instead of avoidance. The first results are promising, 
as allergy burden has started to reduce. The rapidly urbanizing world is facing 
serious biodiversity loss with global warming, which are interconnected. 
Biodiversity hypothesis of health and disease has societal impact, e.g. on city 
planning, food and energy production and nature conservation. It has also a 
message for individuals for health and wellbeing: take nature close, to touch, eat, 
breathe, experience and enjoy. Biodiverse natural environments are dependent on 
planetary health, which should be a priority also among health professionals.     
(233 words) 
 
BOX 1. Future Research Perspectives 
 Current data of the impact of biodiversity on health and disease are mostly 
associative, and should aim more to uncover cause and effect. 
 ”The nature effect” is obvious, but controlled clinical interventions to 
prove symptom reduction or disease prevention, e.g. in allergy are mostly 
lacking.  
 What is an impactful nature contact in preventing or treating allergy? 
Little is known, how the microbiota from the environment transfers to 
human body via eating, drinking, breathing and touching?  
 Mapping of the microbial species and strains never ends, but their 
immunopotential mechanisms and interactions need more attention. That 
may give incentives for allergy treatment. 
 What is essential for human health in the microbiome: compositon, 
diversity or functional capacity? 
 A multidisciplinary approach and new methods are needed to explore 
prerequisites of human health in the context of planetary health.  
 
 
BOX 2. Major Milestone Discoveries 
 The hygiene hypothesis was first linked to the lack of early childhood 
infections increasing susceptibility to allergy. The idea has been enlarged 
to consist of a repertoire of symbiotic micro-organisms and proved 
essential for the understanding of immune tolerance.  
 Human microbiome consists of all microbial organisms and their genetic 
content in the human body. The systematic exploration of the human 
microbiome started little more than 10 years ago. 
 The metapopulation theory in ecology concerns species and their 
interactions in naturally or artificially fragmented habitats. It can be used 
to predict extinction of species. The theory may also be relevant in the 
microbial world. Metapopulation is a ”population of populations”.  
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 Globalization of health and disease. The megatrends, urbanization, global 
warming and biodiversity loss are interconnected and determine human 
health and safety. 
 
 
Introduction 
The idea that biodiversity loss leads to immune dysfunction and disease was 
introduced in 2011 (1) and supported by observational data of allergy in 2012 (2) 
(Figure 1). By definition, biodiversity is ”the variability among living organisms 
from all sources, including, inter alia, terrestrial, marine and other aquatic 
ecosystems and the ecological complexes of which they are part. This includes 
diversity within species, between species and of ecosystems” (3).  
In practice, the key elements of biodiversity include the richness of local and 
global species; genetic diversity of populations and species; the spatial extent and 
the state of natural habitats; and the functioning of ecosystems that are essential 
for mankind to survive. Increasing ecosystem diversity promotes stability through 
various mechanisms such as functional redundancy, broader utilisation of 
available resources, weak among-species interactions, and alternative energy 
channels (4). 
At species level, diversity means a lot of species in a given space, but the relative 
share of each species is small. In a pristine rain forest, we notice a few butterflies, 
but they all seem to be of different species. In a summer garden we may enjoy 
rich butterfly life, but at closer look, only a few species can be identified (5). We 
can readily observe and follow indices of macrodiversity like the Living Planet 
Index (6), but the changes in the microdiversity and genetic diversity are much 
more complex to evaluate. For both, however, the same principles seem to 
prevail. Barn dust is much richer of bacterial species and their strains than urban 
home dust (7), where only a few species dominate.  
Microbial diversity plays a role in health and disease. On normal skin, diversity 
of the microbiota is high, while exacerbation of e.g. atopic eczema calls invasion 
of the opportunistic Staphylococcus aureus (8) (Figure 2). The microbial balance 
is lost and the clinician prescribes antibiotics to eradicate the pathogen and 
corticosteroids to suppress the inflammation. Genetic variablity of the species, 
A
cc
ep
te
d 
A
rt
ic
le
This article is protected by copyright. All rights reserved. 
diversity of strains, determines pathogenicity and response to antibiotics, and is 
under continuous environmental pressure. 
Only improved understanding of the causal factors and mechanisms of allergy 
would allow us to enlarge disease management from treatment of symptoms to 
effective primary and secondary prevention. This holds also for other chronic 
noncommunicable diseases (NCDs), although intervening the known risk factors 
has significantly improved prevention of e.g. cardiovascular conditions (9). 
Nevertheless, the true causes of the urban NCDs burden are still largely 
undissolved at the genetic and molecular level. 
This paper reviews shortly the allergy epidemic after the Second World War and 
opens up the so called biodiversity hypothesis linking it to recent observations of 
environmental changes, human microbiome and immune regulation. Finally, a 
short prescription to do is suggested. 
 
The allergy rise   
Asthma and rhinitis, especially if associated with immunoglobulin E (IgE) and 
aggravated by exposure to allergens, are examples of NCDs, which have been on 
rise along with urbanization (10–13). Allergic response is expressed in mucous 
membranes by inflammatory changes characterized by oedema and excess 
secretion of mucus caused by influx of inflammatory cells like eosinophils. In 
asthma, disruption of epithelial cell junctions, swelling and thickening of 
basement membrane are seen even in early stages of disease (14). Clinically, the 
allergy diagnosis is set by recognizing the typical symptoms, performing skin 
prick tests or measuring serum IgE antibodies to common allergens. In asthma, 
prerequisite for diagnosis is also objectively verified airflow variation.  
The Finnish and Russian Karelia developed differently after the Second World 
War as the part of the Russian population continued a small-scale agricultural 
lifestyle while the Finnish one started to urbanize. The setting gave a unique 
opportunity to compare occurrence of asthma and allergy across the border (15, 
16). Adult cohorts showed that among those born in 1940s, sensitization to 
pollens and pets was at the same low level in both areas. Thereafter, an almost 
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linear increase in the sensitization rate took place among the Finnish younger 
generations while this did not occur on the Russian side (17) (Figure 3). 
Furthermore, randomly selected schoolchildren from the same areas were first 
examined in 2003 and again 2010-2012 (18). On both occasions, clinical hay-
fever and peanut allergy were almost non-existent in the Russians.  
 
The critical question is why urbanized populations respond with inflammation in 
contact with natural elements like pollen, food or animals? They seem to be 
increasingly allergic to nature, the evolutionary home of Homo sapiens. The rise 
was anticipated already in the mid of the nineteenth century along with the 
industrial revolution (19), but it has really taken off quite recently, after the 
Second World War.  
The allergy gap has appeared in a relatively short period of time, both between 
the US Amish and Hutterite populations, having the same ancestry (20), and 
between the genetically close Finnish and Russian Karelia populations. Thus, the 
main reason cannot lie in the genome wide differences, but rather in change of 
lifestyle and environment. Also, the higher allergy prevalence in the Finnish 
Karelia is neither explained by air pollution as the ambient air in Finland is about 
the cleanest in the world (21) nor by common environmental chemicals (22). The 
only biologically plausible explanation is changes in immune regulation and its 
determinants. In Karelia, one indication for this was demonstrated by the CD14 
and CC16 polymorphism; the risk alleles for atopic phenotypes in Finland (CD14 
C-159T, CC16 A38G), seemed to be protective alleles in Russia (23). This 
contrasting appearance may be due to epigenetic modifications driven by 
development of different lifestyle and environment. 
 
Why IgE binds to allergens?  
IgE and IgG antibodies are complementary for immune defence. Allergen-
specific IgE is directed to protein epitopes different from those recognized by IgG 
(24). As allergenicity is limited to a small number of protein families, structural 
features of the IgE binding epitopes may play a role in their allergenicity. IgE has 
probably evolved much in response to parasitic worms (helminths) and 
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arthropods (25). IgE antibody response detects structural features of molecules 
from these parasites that are less attainable for IgG.  
In small children, cow´s milk is a common cause of allergic reactions, and IgE 
antibody binds effectively to β-Lactoglobulin, the major whey protein. At the 
epitope level, IgE attaches to the short fragments of polypeptide chain located in 
the beta strands of the epitopes. These strands cover a flat area on the allergen 
surface and may mimic similar structures in pathogens like parasites. The surface 
of a foreign protein may look like a hilly territory, where IgG attaches the hill 
tops and IgE the roads in between. The beta strands are common in parasites and 
may share same molecular features with major allergens like birch pollen (Bet v 
1) and house dust mite (Der p 1) (26). 
In fact, the most common indoor allergen, house dust mite can be regarded as an 
ectodermal parasite. The common mite in tropics, Blomia tropicalis, may even 
invade the epithelium, and there is a rationale for an IgE-mediated defence in a 
mite rich environment. Also, a high IgE cross-reactivity between the extracts 
from mites and the parasite Ascaris lumbricoides has been demonstrated as well 
as the involvement of known allergens like tropomyosin and glutathione-s-
tranferases (27). Thus, inappropriate (allergic) response against β-Lactoglobulin 
may result, at least in part, from epitope structural similarity with potentially 
harmful proteins. 
Development and maintenance of mucosal tolerance seem to depend on 
environmental exposure to diverse bioparticles and microbiota. In the case of 
mites, high exposure induces immune regulatory network and peripheral 
tolerance (28). Efficient interaction between Toll-like receptors with the ligands 
of microbes and bioparticles enhances normal mucosal function and prevents 
from allergen-specific Th2 cytokine production (29–31). Importantly, the 
relationship between allergen dose and response is nonlinear (32, 33). Increase of 
exposure may turn the harmful immune response to tolerance through various 
cellular mechanisms, which are employed in allergen specific immunotherapy 
(34). 
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Emerging biodiversity hypothesis 
Biodiversity hypothesis states, that contact with natural environments enriches the 
human microbiome, promotes immune balance and protects from allergy and 
inflammatory disorders (35). It enlarges and binds together the three hypotheses 
of hygiene (11, 36, 37), old friends (38, 39), microbial diversity (40), and 
microbial deprivation (41).  
In the Copenhagen birth cohort study, reduced diversity of intestinal microbiota 
during infancy was associated with increased risk of allergic diseases at school 
age (42). In populations from South Germany, Austria and Switzerland exposure 
to farming environment, with rich microbiota, protected from asthma and atopy 
(43).  
In the Finnish Karelia, the characteristics of the natural environment around home 
was quantified, and the observations supported the biodiversity hypothesis. 
Healthy teenagers had higher environmental biodiversity with more species of 
plants around their homes and higher generic diversity of Gram-negative 
Gammaproteobacteria on their skin compared with allergic subjects (2). Also, 
rich environmental and microbial diversity seemed to increase expression of the 
cytokine IL-10 in blood mononuclear cells, promoting immune tolerance (2). 
Furthermore, in a mouse model intradermal application of one specific bacterial 
genus (Acinetobacter), abundant on the skin of healthy teenagers, induced Th1-
type gene expression in dendritic cells and keratinocytes and protected against 
atopic sensitization and lung inflammation (44). The experiment implied, that 
skin commensals may tune immune responses to environmental allergens. The 
effect of Acinetobacter lwoffii on maternal toll-like receptor signaling and 
prenatal protection from asthma was already shown by Conrad and coworkers 
(45). 
Next, the environmental effect was explored in 3 studies of children and 
adolescents in Finland and Estonia (46). The outcome pointed to the same 
direction: the greener the environment around homes (forest and agricultural 
land) the smaller was the risk of allergy. This was hardly seen in those under the 
A
cc
ep
te
d 
A
rt
ic
le
This article is protected by copyright. All rights reserved. 
age of 3 years but clearly in teenagers and young adults in whom allergy was 
readily manifested.  
 
Green space 
Recently, results from a large birth cohort in New Zealand suggested that 
exposure to greenness and vegetation diversity may protect from asthma (47). 
However, also conflicting results of the allergy risk have been reported (48–50, 
reviewed in 51). In terms of other non-communicable diseases, the Dutch national 
health survey indicated less overweight and more physical activity, if the 
surroundings were more green in terms of vegetation index but not if the 
evaluation of greenness was based on land-use (52). In South-Africa, depression 
was associated with less green living space defined by vegetation index (53).  
Positive effect of green space was particularly evident amongst African 
individuals. Fox and coworkers did not look for the green space, but observed in 
192 countries Alzheimer´s disease associating with greater degree of urbanization 
and connected this to microbial deprivation (54). 
In dogs, urban environment with reduced green space, characterized by land-use 
around homes, was a risk factor for allergic skin symptoms while bigger family 
size and contact with farm animals and other pets were allergy protective (55). 
Interestingly, allergic dogs had more often allergic owners than healthy dogs, 
which points to common underlying factors of the allergy risk. In another study of 
comparing the urban and rural dogs, both the living environment and concurrent 
lifestyle modified skin microbiota and risk of allergic conditions (56). Those dogs 
with highest risk were living in cities with scarcity of human or other animal 
contacts while those with the least risk were living in rural areas and had bigger 
family size and more contacts. Not surprisingly, urban dogs shared their skin 
microbiota with owners while the microbiota of rural dogs was more diverse 
enriched by the microbes from natural surroundings. This result accords the 
contrasts of house dust microbiota in the Finnish and Russian Karelia (57) and 
urban and rural dust samples (7). Both urban people and dogs are exposed to their 
own microbiota not enriched by the environmental diversity. Altogether, 
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concurrent but still independent associations of environment and lifestyle with 
microbiota and allergies give hints of causal relationships. 
Green space promotes health in several ways (58–61), but assessment of essential 
determinants is still in infancy. Living environment affects human microbial 
composition (62), but quantifying green space around homes is only an indirect 
way of assessing exposure to microbes. How microbes from the environment can 
colonize the body sites of an individual is poorly understood and documented. 
When we pick up a blue berry directly from the bush to mouth, how do the 
microbes travel from the bush to the gut? The relationship of outdoor and indoor 
microbiota is poorly known and depends also on housing conditions and 
behaviour of household members. Are the pets running in and out, are the shoes 
taken off when stepping in?  Parajuli and coworkers studied debris deposited on 
standardized doormats and confirmed that urban built environment reduces 
transfer of diverse environmental microbiota indoors (63). 
The concept of biodiversity can be extended from living species even to biogenic 
chemicals. In natural environment, we inhale and ingest a wide range of airborne 
biogenic chemicals in addition to microbiota and particles (64). This coctail is 
very different in urban environments, but very little is known of its composition 
or immunogenicity. 
The human immune system has been likened to a computer that has genetically 
inherited mechanisms (programs) but lacks data (65, 66). The database has been 
provided by natural environments during the co-evolutionary history between 
humans and immunoregulatory microbes, helmints and parasites. It is a paradox 
of modern time that collecting and storing big data to develop artificial 
intelligence mounts exponentially, while keeping up the evolutionary database for 
constant education of immunological intelligence is in danger as humans are 
increasingly disconnected from natural environments (Figure 4). 
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Human microbiome  
From an ecological point of view, human body is an ecosystem of microbes. It 
consists of bacteria, archaea, fungi, protozoas and viruses, which inhabit gut, 
airways, skin and other body parts. Bacteria (encoding close to 3 million genes) 
are best known, and their amount in the body is about the same as the number of 
our own cells (encoding about (20 000 genes) (67). They enter the body with 
food, water, air and via various contacts with the environment and use the body as 
their habitat. This entity is only complete, when helmints and parasites are added.  
Especially the gut microbiome is also called the ‘second genome’ to which many 
protective and life-supporting functions have been externalized (68). It 
orchestrates the cross-talk between our own cells and environmental 
metagenome. This interplay may be essential in all conditions, where microbial 
imbalance (dysbiosis), immune dysfunction (poor tolerance) and low-grade 
inflammation play a role (35).  
Two nested layers of biodiversity protect us, consisting of microbes of the 
environment we live in and those residing in the body (69, 70). The outer layer is 
dependent on the variety of life around us (soil, natural waters, plants, animals). 
The diversity and composition of the inner layer (gut, skin, airways) – the 
detailed exploration of which started in 2007 (71) – are dependent on colonization 
from the outer layer (72, 73). To take care of the inner layer, which closely 
interacts with the immune system, the outer biodiversity needs to be preserved 
and everyday practices considered. Everything we eat, drink, inhale and touch 
affect online the composition and function of the inner layer which can be readily 
effected by changes in behaviour (74).  
In any given sample, microbial diversity is a measurement that takes into account 
both species richness (number of different taxa) and evenness (how abundant the 
taxa are) and is called alpha diversity (75). On the other hand, a distance measure 
between samples that represents the compositional dissimilarity or heterogeneity 
is called beta diversity. The higher the value of the beta diversity the higher the 
dissimilarity between the samples. In ecology, interpretation is, however, not 
straightforward (76).  
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Diversity and stability of microbiota is mostly promoted in early childhood (77–
79), but the interaction of the outer and inner microbial layers never stops. Innate 
immunity needs constant, life-long exposure with harmless microbes, old friends 
to create and maintain tolerance (65). Immigrant studies indicate that already in 
10 years people from very different environments start to acquire same health 
risks as the original population (80). Other features of modern life, like massive 
use of chemicals, pollution and change in household technology, like using 
laundry detergents, have contributed to the risk, e.g. by increasing dermal and 
mucosal permeability (81).  
Urban environment appears to lack elements necessary for the proper 
development and maintenance of tolerance against foreign proteins. Skin and 
nasal microbiome was much richer and more diverse in the Russian youths 
compared to their Finnish counterpartners (18). The microbiota was associated 
with contrasting innate immunity gene expression in peripheral blood 
mononuclear cells, which modified innate inflammatory pathways (82). Smaller 
asthma risk in US Amish compared to Hutterite farm children was also connected 
to the innate immunity function (20).  
Human observations have been experimented in animal models. For example, 
mice housed in contact with soil or clean bedding had marked differences in the 
composition of small intestinal microbiota (83). The microbes aquired from the 
soil alleviated Th2-driven inflammation, which is a prerequisite for allergic 
conditions. In another study, mice were protected from airway allergic 
inflammation by bacterial CpG DNA influencing on lung macrophage expansion 
(84). Altogether, in mice, commensals promote induction of T regulatory cells 
(85, 86).  
Are the bacterial species important or their diversity? Immunopotential of well 
known bacteria like Helicobacter pylori, Akkermansia municipula, Lactobacillus 
johnsonii, Acinetobacter lwoffii and their strains varies markedly. Bacteroides 
fragilis and Clostridia promote T cells to secrete IL-10 in the gut (87, 88). A 
specific strain of Bifidobacterium reduces C-reactive protein, a serum 
inflammatory marker, in patients with psoriasis, ulcerative colitis and chronic 
fatigue syndrome (89).  Bacteria regulate inflammatory processes by several 
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mechanisms, e.g. though their cell wall components and metabolites like biogenic 
amines and toxins (90). Bacterial-derived metabolites such as short-chain fatty 
acids may even promote epigenetic changes (91).   
The role of key species has been recognized, but the effect of microbial diversity 
on human health is less clear, being sometimes higher, lower, or not different 
between healthy and diseased individuals (reviewed in 92). Methodological 
problems also complicate comparisons. The microbial classification based on the 
traditional 16S ribosomal RNA and its associated amplicon data may be 
imprecise and too crude to uncover the true microbial diversity. There is a call for 
new diversity profiles.  
Nevertheless, the function of the microbial community in question is decisive and 
is increasingly highlighted in microbiota research, also because metagenomic 
analyses have become cheaper and more accessible. The human microbiome is 
also used to predict responses to different environmental inputs like diet (93–95). 
The ”omic” science (i.e. transcriptomics, epigenomics, metagenomics, 
metabolomics) together with machine learning show enormous potential to 
identify critical functional pathways and new hierarchies.  
Future research is also built much on ecological approach, which includes 
determinants such as dispersal, environmental selection and ecological drift, first 
established for macrodiversity (96). 
Altogether, human gut, skin and airway microbiota has a constant influence on 
immune function and inflammatory responses through a wide range of 
mechanisms not well explored at the moment. 
 
Case asthma 
In general, microbiome studies have mostly focused on the gut and much less to 
the airways. In not so far back in history, lower airways were regarded sterile, 
while they seem to be inhabited by a rich bacterial community. However, the 
impact of any microbial taxa, structure or diversity on asthma is poorly known 
(reviewed in 97). Environmental microbial exposure is associated with asthma 
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risk (98, 99), as is cesaeran section and use of antibiotics during the first years of 
life (100, 101).  
In clinical asthma, a lot of associations between disease and different airway 
microbial taxa have been suggested, but the results are not consistent (102). The 
role of viral infections in triggering asthma is agreed upon (103), but again 
causalities are largely unexplored. Some studies report higher bacterial burden in 
bronchial brushings or induced sputum in asthma patients compared with controls 
(104, 105). One study found presence of Haemophilus parainfluenzae in 
bronchial lavage to increase the risk for corticosteroid resistance (106). Sputum 
fungi have also been investigated, with differing patterns in asthmatics compared 
with controls (107). The results are usually confounded by treatment. Altogether, 
the role of the lower airway microbiome in asthma is unsolved.  
 
Circle of causality  
(1) Why is the patient sneezing, coughing and itching, when exposed to an 
allergen?  Because of an inflammatory defence response, which is inappropriate 
and excessive, not serving the host to cope with the environment.  
(2) What is the cause of the inflammatory response? Lack of immune balance. 
The immune system does not make a proper distinction between danger and non-
danger signals but starts to push inflammatory cells to the epithelium to reject e.g. 
proteins released by the pollen grain.  The biological role of eosinophilic 
granulocytes and their toxic proteins is to neutralize the potentially harmful 
invader, but now the invader is an innocent bystander like pollen. Eosinophilia is 
characteristic both to allergic and non-allergic manifestations of asthma and 
rhinitis, and their numbers often correlate with severity of symptoms. In the non-
allergic cases it is not clear, what is the target of the eosinophils. They seem to 
attack some long-standing mucosal barrier non-self like microbial superantigen, 
which the immune system reads as a constant danger (108). The often chronic 
course of these conditions refers to an autoimmune-like process (109). 
(3) What is behind the immune imbalance? Reduced and altered exposure to 
microbes like commensals and saprophytes, especially in early childhood. We use 
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to think allergy as a too active immune response, i.e. hyper-responsiveness to 
bioparticles, but hyporesponsiveness is more likely. During the birch pollen 
season, more transcripts showed modified expression levels in nasal epithelium in 
healthy compared to allergic students (110). Health is a dynamic and active state, 
a complex functional balance in the three-dimensional cellular space, where time 
is the fourth dimension.  
(4) What impoverishes the human microbiome in the gut, skin and respiratory 
tract? Loss of contact with biodiverse elements of nature at macro- and 
microlevel. In gut, the long-term composition and diversity of microbiota is 
regulated by the diet and nutrient characteristics.  
(5) Finally, what is causing loss of biodiversity, driving modern life and pushing 
people to the cities? Population growth with massive exploitation of natural 
resources. Cultural evolution has revolutionized life conditions all over the world. 
Urban lifestyle modulates human microbiome and immune response as never 
before.   
This reasoning is an oversimplification as the true process works more like a 
network or the circle, where the direction of cause and effect is not self-evident 
(Figure 5). We are becoming aware of the central role of environment and 
lifestyle, also because genome-wide association studies – revealing susceptibility 
genes – have only explained a minor part of the risk for many NCDs like asthma 
(111). Epigenetic flexibility under any environmental pressure has gained 
increasing attention. Altogether, it is obvious, that the human ecosystem is at 
stake in urban surroundings and faces the challenge of immune adaptation.  
 
Can we change the course? 
In Finland (population 5, 5 million), a 10-year national campaign was initiated in 
2008 to combat allergic diseases (112–114). The long-term practice of allergen 
avoidance (both for prevention and treatment) – already taking off in the 1960s – 
had not reduced the burden or stopped the epidemic, although avoidance is 
important in managing individual patients with severe symptoms. A public health 
programme turned avoidance strategy into tolerance strategy, both in terms of 
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immunity and psychological attitude. Immunotherapy was also promoted (115). 
The mid-term results indicate that the programme works as burden of allergy and 
asthma has started to decrease e.g. in terms of allergy diets, asthma emergencies 
and overall costs (116).  
The promising first results encouraged to expand the idea of endorsing tolerance 
also for other NCDs. The burden of inflammatory bowel diseases, diabetes, 
neurological and mental disorders, obesity, and even cancer is cumulating in 
Finland and elsewhere. Nature Step was suggested to stop this development 
(117). That includes (1) strenghtening connections to nature in everyday life, (2) 
increasing use of fresh fruits, vegetables and roots, (3) taking features of natural 
environment to the care of children and elderly, and (4) focusing research on 
ecosystem services. Probiotics were not actively recommended, but mentioned as 
an option to support immune balance (118)   
In a canine model, providing an intermediate approach between complex human 
and artificial mouse model, Lehtimäki and coworkers showed recently, that in 
terms of allergy protection a short-term exposure to environmental microbes via 
exercise may not be effective enough (56). They suggest that prominent and 
sustained exposure to environmental microbiotas should be promoted by urban 
planning and lifestyle changes to support health. The observation has important 
implications in city life, e.g. to give people opportunities for gardening, 
cultivating something themselves, and creating small yards for animals and pets. 
In many European cities like Helsinki, the idea of green city planning is taken 
seriously (119). 
On the urban society level, there is no return to the traditional farming life or 
producing your own food, but it is possible to take natural elements to modern 
city life in a controlled and safe way. It is a challenge for urban construction, 
housing, traffic arrangements and for food and energy production (120, 121).  
Whether this approach will prevent allergy and other NCDs, and slow down 
increase of health care costs, remains to be proven. Anecdotally, thirty-five years 
ago urbanization process was reversed in ten Australian aborigins with type II 
diabetes, who moved back to their traditional country for 7 weeks (122). Their 
metabolic abnormalities were greatly improved or completely normalized. 
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Concluding remarks  
The world is urbanizing faster than ever, and United Nations predicts that by 
2050 68 % of the of the world population live in cities (123). In 10 years, the 
world has 43 megacities with more than 10 million inhabitants, most of them in 
developing regions. 
In 2018 World Wildlife Foundation gave an alarming message: wildlife 
populations show continuous decline, on average by 60 % from 1970 to 2014, 
and are likely to diminsh further (6).  Biodiversity loss may be the most 
dangerous global megatrend, even exceeding the risks of global warming (123).  
For the first time in 2015, UN recognized biodiversity as an essential determinant 
of human health (125). Long evolutionary history of effective gene-environment 
interaction has tested mechanisms of immune tolerance and improved survival in 
natural environments. The relatively sudden appearance of cultural evolution, 
along with explosion of human populations, has reduced connection to nature and 
modified lifestyle (Figure 6).  Nevertheless, cultural evolution per se has had a 
great positive impact in health-care and life expectancy (126). We should not 
forget the survival game of the human race in natural environments, often hostile 
and destructive, throughout of our evolutionary past. 
The true causes of the post-war allergy epidemic lie deep in immune regulation 
and its determinants, and microbes are probably the most important effectors 
(127). Compromised immunity loaded further by heavy air pollution (128) is a 
dangerous combination exposing huge numbers of people especially in the 
growing cities of the developing world. Also, global warming prolongs and 
intensifies pollen seasons, increasing the burden of allergy (129).   
CP Wild wrote in 2005, that there is a need for an exposome to match the genome 
(130). The exposome refers to total environmental exposures—detrimental and 
beneficial—that can help predict biological responses (e.g. inflammation) of the 
organism to environment over time (131). That inclues also the neuroendocrine 
responses to a variety of stressors cumulating as an allostatic load (132). The 
contact with the biodiversity of natural environment is largely subconscious, and 
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in urban setting much of it is lost. The concept of extinction of experience 
describes that loss (133, 134). ”Never been in a forest or seen a wild butterfly, 
more experience of air conditioned homes, offices, shopping centres and cars”.  
Personal connection to nature is vitally important also psychologically (135). In a 
meta-analysis, health and happiness were associated with nature relatedness 
(136). Why people love nature? Does this instinct enrich microbiome, improve 
immune regulation and help to survive?  In the urcban setting, people have started 
isolate themselves from natural environments with both immunological and 
psychological consequences (137). 
A paradigm shift is taking place, when the complex mechanisms of allergy – and 
NCDs in general – are slowly revealed, and emphasis is turned to immune 
tolerance (138). This will affect treatment but especially prevention (139, 140).  
In research laboratories, big data of our genetic and molecular architecture are 
produced as never before, but the results should be translated also to practical 
actions and relevant measures for society and health-care. Medical community is 
trained to think patient by patient and rely on double-blind, placebo-controlled 
trials. New kind of methods and interventions to test and analyze nature effects 
are needed. Research on best implementation practices is breaking through. 
Tackling allergy may show the way to future preventive medicine in close 
collaboration with other medical specialities, ecologists and public health 
authorities.  
In Finland, a multidisciplinary approach, clinical allergology, microbiology and 
ecology in front, helped to recognice the slow and silent trends influencing on 
health and disease in modern society. New kind of initiatives were taken to tackle 
allergy as a public health problem.  
Fifty years ago Rene Dubos gave a famous lecture ”The spaceship earth” at the 
Meeting of American Academy of Allergy, Asthma & Immunology (141). He 
anticipated the allergy epidemic and connected the ”altered reactivity” to many of 
the environmental changes now linked to the biodiversity hypothesis. In 2015, the 
Lancet Commission defined the concept of planetary health as ”the health of 
human civilization and the state of the natural systems on which it depends” 
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(142). Human and planetary health go together and depend on biodiversity of life, 
the exploration of which is a never-ending scientific adventure.  
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Legends for the Figures 
Figure 1. The biodiversity hypothesis (1, modified).  
Figure 2. Microbiota on healthy and inflamed skin, where microbial diversity and 
balance is lost (8, modified). 
 
Figure 3. Left panel. Asthma prevalence in the Finnish conscripts 1926–1989 
(10). Two lower curves indicate percentages of men exempted at call up medical 
examination because of asthma (closed circles), and those discharged during 
course of the service (open circles). Right panel. Generational increase in 
positive allergen-specific IgE levels to birch pollen in the Finnish but not in the 
Russian Karelia (16, 17, modified). Among older generations, born in the 1940s, 
the prevalences were at the same low level in Finnish vs. Russian Karelia. 
 
Figure 4. Disconnection of man from the soil. The biological roots of urbanized 
Homo sapiens are cut by asphalt, concrete, and built environment. For example, 
the use of asphalt in Finland increased 10-fold from 1960 to 1990 (72). 
  
Figure 5. The circle of causality. From the megatrend of urbanization to increase 
of non-communicable (inflammatory) diseases. Or the other way around, from 
symptoms to background factors. 
 
Figure 6. Human kind has evolved from natural environments, i.e. from green 
(soil) and blue (waters) spaces, but is increasingly effected by cultural 
environment, i.e. gray (urban) space. 
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Figure 1. The biodiversity hypothesis (1, modified). 
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Figure 2. Microbiota on healthy and inflamed skin, where microbial diversity and 
balance is lost (8, modified). 
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Figure 3. Left panel. Asthma prevalence in the Finnish conscripts 1926–1989 
(10, modified). Two lower curves indicate percentages of men exempted at call 
up medical examination because of asthma (closed circles), and those discharged 
during course of the service (open circles). Right panel. Generational increase in 
positive allergen-specific IgE levels to birch pollen in the Finnish but not in the 
Russian Karelia (16, 17, modified). Among older generations, born in the 1940s, 
the prevalences were at the same low level in Finnish vs. Russian Karelia. 
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Figure 4. Disconnection of man from the soil. The biological roots of urbanized 
Homo sapiens are cut by asphalt, concrete, and built environment. For example, 
the use of asphalt in Finland increased 10-fold from 1960 to 1990 (72).  
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Figure 5. The circle of causality. From the megatrend of urbanization to increase 
of non-communicable (inflammatory) diseases. Or the other way around, from 
symptoms to background factors. 
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Figure 6. Human kind has evolved from natural environments, i.e. from green 
(soil) and blue (waters) spaces, but is increasingly effected by cultural 
environment, i.e. gray (urban) space. 
  
 
  
